Silica microspheres possess ultra-high-Q optical whispering gallery modes (WGMs), while simultaneously exhibiting mechanical modes in the radio frequency range that can be excited by radiation pressure force. When entering the regime where the photon lifetime is comparable to the mechanical oscillation period and the cavity is pumped with a laser whose frequency slightly exceeds the WGM resonance (i.e. blue-detuned excitation), this mutual coupling gives rise to a parametric oscillation instability which is characterized by regenerative mechanical oscillation of the mechanical eigenmodes'. In contrast to earlier studies of vibrational modes of nanospheres using Raman or Brillouin scattering from ensembles, we report here the parametric oscillation instability in single microspheres in a larger diameter range (35-1 10ptm in our case). Studies on the nature of the fundamental modes of vibration for small elastic spheres with free-surface boundary condition were first formulated by Lamb2, predicting two types of modes, the spheroidal and torsional modes which are accompanied by volume dilatation for the former and no dilatation for the latter. In the present work, the ultra high-Q silica microspheres are fabricated by melting the tip of a single mode optical fiber with a CO2 laser (A =10.6 ptm) due to surface tension. When the microsphere is brought into the evanescent field of a tapered optical fiber, high-quality factor optical whispering gallery modes are excited using a 1550 nm tunable external cavity diode laser. Owing to the high finesse (approximately 105), the large optical energy stored in the microcavity exerts a force on the cavity sidewalls due to radiation pressure, which takes the cavity out of resonance by deformation of the cavity wall that causes subsequently a reduction in the radiation pressure force. The whole process continues when it goes back to the original shape of the cavity, leading to a periodic motion of the cavity. In this way, spheroidal modes with radial deformation can be excited (Fig. 1) which modify the path length of the optical wave and therefore affect the magnitude of the radiation force. Since the torsional modes leave the optical resonance frequency unchanged, radiation pressure from the WGM cannot excite these modes. The observed spheroidal modes agree well with numerical simulation and exhibit a linear dependence on the inverse sphere diameter (Fig. 2 ).
1. Max-Planck-Institute ofQuantum Optics, Hans-Kopfermann-Str. 1, 85748 Garching, Germany Silica microspheres possess ultra-high-Q optical whispering gallery modes (WGMs), while simultaneously exhibiting mechanical modes in the radio frequency range that can be excited by radiation pressure force. When entering the regime where the photon lifetime is comparable to the mechanical oscillation period and the cavity is pumped with a laser whose frequency slightly exceeds the WGM resonance (i.e. blue-detuned excitation), this mutual coupling gives rise to a parametric oscillation instability which is characterized by regenerative mechanical oscillation of the mechanical eigenmodes'. In contrast to earlier studies of vibrational modes of nanospheres using Raman or Brillouin scattering from ensembles, we report here the parametric oscillation instability in single microspheres in a larger diameter range (35-1 10ptm in our case). Studies on the nature of the fundamental modes of vibration for small elastic spheres with free-surface boundary condition were first formulated by Lamb2, predicting two types of modes, the spheroidal and torsional modes which are accompanied by volume dilatation for the former and no dilatation for the latter. In the present work, the ultra high-Q silica microspheres are fabricated by melting the tip of a single mode optical fiber with a CO2 laser (A =10.6 ptm) due to surface tension. When the microsphere is brought into the evanescent field of a tapered optical fiber, high-quality factor optical whispering gallery modes are excited using a 1550 nm tunable external cavity diode laser. Owing to the high finesse (approximately 105), the large optical energy stored in the microcavity exerts a force on the cavity sidewalls due to radiation pressure, which takes the cavity out of resonance by deformation of the cavity wall that causes subsequently a reduction in the radiation pressure force. The whole process continues when it goes back to the original shape of the cavity, leading to a periodic motion of the cavity. In this way, spheroidal modes with radial deformation can be excited (Fig. 1) which modify the path length of the optical wave and therefore affect the magnitude of the radiation force. Since the torsional modes leave the optical resonance frequency unchanged, radiation pressure from the WGM cannot excite these modes. The observed spheroidal modes agree well with numerical simulation and exhibit a linear dependence on the inverse sphere diameter (Fig. 2) . 
